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·2.1 Introduction 

The availability of relatively inexpensive and powerful computing technology 
has profoundly changed the way in which modern scientific research is con
ducted in numerous fields. At a rather trivial but highly relevant practical 

· level, the rapid increase in computer power has considerably sped up the 
pace of theoretical schemes and approaches for simulating bulk material at 
the atomic leveL The results of the simulations have been invaluable in the 

i. guidance of experiments and for providing insight into system behavior, par
ticularly under extreme conditions of temperature and pressure. In this re
spect, a major role ha.:;; been played by molecular dynamics (MD), which since 
the pioneering efforts of the 1960s [1, 2] has developed into a mature and 
active discipline that has been used as a means of simulating and understand
ing the properties of real systems. More recently, major progress has been 
achieved in the development of ab initio or "first principles" MD, in which 
the potential energy and interatomic forces are derived from accurate quan
tum mechanical electronic structure calculations that are performed as the 
simulation proceeds [3-5]. This has greatly improved the predictive power of 
the simulation and opens the way for the reliable simulation of processes in 
which chemical bonds are formed and broken. The formation and breaking 
of chemical bonds is simulated with great difficulty in MD based on classical 
mechanics and empirically derived reactive potentials [6-9]. 

The development of ab initio MD, along with the rapid development of 
computer power, has inspired its application to studies of energetic materi
als and detonation processes. There are several difficult problems currently 
encountered in the field of molecular condensed matter detonation. Is the ini
tiation of detonation in existing molecular explosives controlled by the ther
mal decomposition via shock temperature or by initial molecular collisions 
occurring within the shock front? [6, 10] Could the initial molecular collision 
and subsequent bond energy release be made the main mechanisms for the 
initiation and propagation of detonation in a new generation of molecular 
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